Arterial hypoxaemia is common as either a constant or an episodic phenomenon following major surgery [1, 2] . Cardiac ischaemia and infarction (MI) occur also with increased frequency during the perioperative period, with peak incidences during operation and on the third day after operation [3, 4] . Although the pathogenesis -of the late incidence is still debatable [3], our preliminary observations suggest that hypoxaemia may be a contributory factor [2] . The aim of the present study was to assess the relationship between hypoxaemia and cardiac function evaluated by continuous pulse oximetry and Holter monitoring before operation and in the late postoperative period.
Arterial hypoxaemia is common as either a constant or an episodic phenomenon following major surgery [1, 2] . Cardiac ischaemia and infarction (MI) occur also with increased frequency during the perioperative period, with peak incidences during operation and on the third day after operation [3, 4] . Although the pathogenesis -of the late incidence is still debatable [3] , our preliminary observations suggest that hypoxaemia may be a contributory factor [2] . The aim of the present study was to assess the relationship between hypoxaemia and cardiac function evaluated by continuous pulse oximetry and Holter monitoring before operation and in the late postoperative period.
MATERIALS AND METHODS
We studied 22 patients (12 men and 10 women, median age 70 yr (range 44-79 yr), weight 73 (52-99) kg) undergoing major abdominal surgery. Six of the patients participated in our previous study [2] . Exclusion criteria were symptoms of neurological, cardiac or respiratory disease, including excessive daytime sleepiness. Oxygen treatment was not given during the first 48 h after surgery, other than a few hours in the recovery room. All patients were undergoing elective surgery with no recognized risk factors and they received routine postoperative care.
Seven patients underwent cholecystectomy, five colonic resection, three gastric resection, two colo-colostomy following Hartmann resection, two ileal resection, one jejuno-jejunostomy, one rectal excision and one exploratory laparotomy. All patients received diazepam 5-10 mg for premedication; anaesthesia was induced and maintained with thiopentone, midazolam, low-dose OXYGEN SATURATION AND CARDIAC FUNCTION 685 fentanyl, suxamethonium, pancuronium and nitrous oxide in oxygen. Postoperative analgesia comprised morphine or ketobemidone 5-10 mg i.m. on demand; opioid administration was monitored for the first 48 h after surgery. Sedative drugs and peripherally acting analgesics were not used.
Measurements were performed on one night before operation and the first two nights after operation. All patients completed at least 8 h of continuous monitoring on all nights (23:00 to 07:00); only these results were used in the analyses. Oxygen saturation was measured with a Nellcor N-200 or an Ohmeda 3700 pulse oximeter using a finger probe [5] , with subsequent data printout on a chart recorder the following morning.
Holter monitoring was performed using an amplitude modulated, two-channel tape recorder, model ICR 7200 (Instruments for Cardiac Research, Liverpool, NY, U.S.A.), with primary signal verification using a monitor (Quadriscope 8034, S&W Medico Teknik A/S, Copenhagen). The frequency response was 0.05-100 Hz ( -3dB), and the tape speed 1 mm s" 1 . Two separate bipolar leads were recorded, CM 6 from electrodes placed in the second right intercostal space close to the sternal bone and in the V 6 position, and a modified orthogonal y-lead from electrodes just to the left of the spinal column, one on the superior angle of the scapula and one above the iliac crest [6] . The recordings were analysed semi-automatically using computerized equipment (Arrhytmiamaster, Spacelabs Inc., Redmond, Wa, U.S.A.). All arrhythmic events detected during the automatic analysis were checked carefully from full records from both leads. The results of ST segment analysis were presented in 1-min graphs from each lead. All episodes of ST segment changes were verified by at least three ECG recordings of each episode (beginning, maximum and end of change). As the resolution of the ST segment analysis was limited to 1-min averages, possible association between episodic hypoxaemia and ST depression could be found only when hypoxaemic events lasted more than 1 min.
The study was approved by the local Ethics Committee. Wilcoxon's signed rank test, Spearman's rank correlation test and Friedman's two-way analysis by ranks were used for statistical analyses. Level of significance was chosen as P < 0.05.
RESULTS
Sudden desaturation was denned as a decrease in oxygen saturation of 5 % or more within 2 min. These desaturations were classified into those with an end-point equal to or greater than 80% oxygen saturation (Sa^) and those with an endpoint less than 80%. The median number of desaturations of 5 % or more with end-point equal to or greater than 80 % was 8 (range 0-44) on the night before operation, 5 (0-60) on the first night after operation and 9 (0-99) on the second night (ns). Before operation, two patients (Nos 3 and 8) had one episode of sudden desaturation to less than 80%, and two patients (Nos 20 and 18) had four and five similar episodes, respectively, all lasting less than 1 min. The median decrease in Sa^ ( fig. 1 ) was 2.1 % on the first night after operation (P < 0.001), and 2.6% on the second night (P < 0.001) compared with preoperative values. Before operation the minimum S&o t was 86 % (median, range 72-90); it was 83% (67-91) on the first night after operation (ns) and 78% (60-89) on the second night (P < 0.05 compared with before operation).
The median increase in heart rate ( fig. 1 ) was 20 beat min" 1 on the first night after operation and 16 beat min" 1 on the second night (both P < 0.001 compared with before operation). Maximum heart rate was 94 (87-121) beat min" 1 on the night before operation, 102 (80-128) beat min" 1 on the first night after operation and 102 (78-132) beat min" 1 on the second night (both P < 0.05 compared with before operation) (medians and ranges).
Seven patients showed a close correlation between sudden desaturation and increase in heart rate (more than 10% increase from baseline) ( fig.  2 )-six on the night before operation (Nos 1, 2, 9, 10, 16 and 21) and one on the second night after operation (No. 12). Saturation did not decrease to less than 80 % in any of these episodes, and none was associated with ST depression. Nine patients had a mean heart rate greater than 100 beat min" 1 (sinus tachycardia) on at least one night after operation, and two of these patients (Nos 4 and 17) had associated constant hypoxaemia (Sao, = 87% and 82-77 %, respectively). A weak correlation was found between increase in mean heart rate and decrease in mean saturation from before operation to the second night after operation (r, = 0.43; P< 0.05).
Individual maximum ST depression was of significantly larger magnitude on the second night after operation (median -0.4, range -1.2 to 0) compared with before operation (median -0. were all 87 % on this night. One patient (No. 18) had severe episodic desaturation (Sa^ 75 %) in the morning of the day before operation coinciding with second degree Mobitz type II atrioventricular block with a pause of 1.8 s (fig. 5 ).
Of postoperative cardiac events not related to changes in oxygen saturation, two patients (Nos 5 and 9) showed inverted diurnal heart rate (increased heart rate at night) on the second night after operation, and two patients (Nos 5 and 21) had VPC indexes of 12 and 183 on the second night after operation compared with preoperative indexes of 2 and 18, respectively. One patient (No. 10) had a VPC index on the first night after operation of 7, compared with 0 before the operation. On the night before operation three patients (Nos 7, 11 and 12) showed episodes of sinus arrest (2.4 s), accelerated idioventricular rhythm (8 beats) and ventricular tachycardia (4 beats), respectively. Thus ECG abnormalities occurred in 18 of the 22 patients, of whom 16 developed new ECG abnormalities in the postoperative period (table I), while 10 had ECG abnormalities before TABLE I. Cardiac dysfunction and hypoxaemic events in patients undergoing abdominal surgery. Numbers in parentheses indicate the night after operation. tEpisodic dtsaturation of 5% or more but not less than 80% oxygen saturation; ^episodic desaturation of 5% or more with end-point less than 80% oxygen saturation; closely related to episodic changes in oxygen saturation. Episodic desaturation is reported with the number of desaturations per night, with the corresponding code {night and f or %). Constant hypoxaemia is reported when mean saturation on the respective night {reported) was ^90%. Episodic tachycardia is defined as a sudden short lasting (1-20 min) increase in heart rate of 10% or more. Sinus tachycardia is a mean heart rate greater than 100 beat nun' 1 During operation, the patients received fentanyl 0.55 (0.2-1.3) mg and after operation opioid 20 (5-33) mg (morphine equivalents) on the first day after operation, 23 (0-55) mg on the second day and 44 (13-63) mg on the two days together (medians and ranges). There was no correlation between amount of opioid used and the number of sudden desaturations (ns). There was no apparent relation between the time of administration of opioid and appearance of heart rate and saturation disturbances. A weak correlation was found between total dose of opioid in the two days after operation and the mean Sa Ot on the second night after operation (r, = -0.48; P < 0.05).
DISCUSSION
Hypoxaemia is a common phenomenon following major surgery [2] . The pathogenesis of constant postoperative hypoxaemia is reduction in functional residual capacity leading to increased shunting of blood through the lungs [7] , whereas sudden oxygen desaturation in the late postoperative period may be caused by an effect of opioids on ventilatory pattern [8] or disturbed postoperative sleep pattern [9] . We cannot exclude the possibility that cardiac effects could initiate changes in Sa^, but consider it less likely.
Myocardial ischaemia and infarction occur with a peak incidence during operation and on the third day after operation [3, 10] , the latter usually being the period with the least arterial oxygen content [ 1 ] . Our results, showing late postoperative myocardial ischaemia in patients without preoperative signs of cardiovascular disease, suggest that hypoxaemia and tachycardia may be involved in development of late postoperative myocardial ischaemia. Thus we found that myo-BRITISH JOURNAL OF ANAESTHESIA cardial ischaemia was related to episodic hypoxaemia in two patients (Nos 2 and 9), and to tachycardia in three patients (Nos 9, 14 and 22). Furthermore, the association between hypoxaemia and arrhythmias demonstrated in the intensive care setting [11] was confirmed in six of our patients (Nos 6, 8, 11, 12, 16 and 18) . The clinical significance of a brief period of ischaemia in healthy patients is unknown, but experimental studies suggest that repeated episodes of ischaemia may have a cumulative effect and eventually cause myocardial infarction [12] .
None of our patients complained of chest pain, in spite of cardiac ischaemia, but following major abdominal procedures it may be difficult to distinguish between surgical pain and pain resulting from myocardial ischaemia. Enzyme analyses were not performed in our patients.
Arrhythmias in healthy volunteers are thought to be of prognostic significance [13] . Perioperative studies on patients undergoing vascular surgery suggest that preoperative monitoring may optimize assessment of cardiac risk [14, 15] , but in our small sample of patients without apparent cardiovascular disease, we were not able to confirm these results. Thus we did not find that preoperative arrhythmias or ischaemia were associated with postoperative cardiac ECG abnormalities, except in one patient (No. 21) in whom a preoperative VPC index of 18 was associated with marked postoperative increase in the VPC index.
Episodic hypoxaemia coincided with episodic tachycardia in seven patients. This may be a result of increased sympathetic output caused by desaturation leading to tachycardia [16, 17] and hypertension [18] , or to an arousal response with tachycardia and lightening of the sleep phase [19, 20] .
Treatment of episodic hypoxaemia in the late postoperative period has not been fully evaluated. Although episodic oxygen desaturation to less than 80 % in the postanaesthetic recovery period may be eliminated by oxygen therapy (.Flo, = 28%) [21] , episodic desaturation may still occur despite oxygen therapy for longer than the first day after operation [2] .
Postoperative pain relief with extradural local anaesthetics in the early postoperative period was not associated with episodic oxygen desaturation, whereas i.v. infusion of morphine (loading dose range 6-47 mg) produced episodic oxygen desaturation to less than 80% in 10 of 16 patients in association with obstruction and hypoventilation [8] . Similar data are not available for the late postoperative period.
In conclusion, we have shown that episodic and constant hypoxaemia may be associated with myocardial ischaemia and arrhythmias in patients without apparent cardiovascular disease following elective uncomplicated abdominal surgery. Similar changes may be important in patients with pre-existing cardiac disease.
